ABSTRACT The sequences of the virus-cell junctions of seven DNA clones of spleen necrosis virus provirus were analyzed to determine the nucleotide sequence specificity of the cellular integration sites. As previously reported for one provirus, all clones contain a 5-base-pair direct repeat of cellular DNA at the cell-virus junctions and a 3-base-pair inverted repeat at both ends of the provirus DNA. There are different degrees of nucleotide sequence specificity required for different viral DNAs to be integrated into cellular DNA. At one extreme is phage X. A specific site in the phage DNA is involved in the integration of the X DNA with a specific site in the host cell DNA (1). At the other extreme is simian virus 40. Integration apparently occurs randomly. No specific sites in either the cell or the viral DNAs are involved in the integration (2, 3). Between these extremes is phage Mu, as well as other bacterial transposable elements. Integration is at many different sites in the host DNAs. However, the same phage Mu or other transposable element sequences are always found at the junctions with the flanking cellular sequences (4).
ABSTRACT The sequences of the virus-cell junctions of seven DNA clones of spleen necrosis virus provirus were analyzed to determine the nucleotide sequence specificity of the cellular integration sites. As previously reported for one provirus, all clones contain a 5-base-pair direct repeat of cellular DNA at the cell-virus junctions and a 3-base-pair inverted repeat at both ends of the provirus DNA. The sequences of the 5-base-pair direct repeats are different in each clone and have no apparent homology to viral DNA. No apparent common features and no sequences significantly homologous to the ends of the rovirus DNA were found in the cellular DNAs surrounding the viral integration sites.
There are different degrees of nucleotide sequence specificity required for different viral DNAs to be integrated into cellular DNA. At one extreme is phage X. A specific site in the phage DNA is involved in the integration of the X DNA with a specific site in the host cell DNA (1) . At the other extreme is simian virus 40. Integration apparently occurs randomly. No specific sites in either the cell or the viral DNAs are involved in the integration (2, 3) . Between these extremes is phage Mu, as well as other bacterial transposable elements. Integration is at many different sites in the host DNAs. However, the same phage Mu or other transposable element sequences are always found at the junctions with the flanking cellular sequences (4) .
Retrovirus DNAs integrate at many different sites in host cell DNA, and the integrated viral DNA is colinear with the linear unintegrated viral DNAs (5) (6) (7) (8) (9) (10) . Recent studies analyzing the DNA sequences of cloned provirus or variant circular viral DNAs have revealed a remarkable structural resemblance of the provirus to some cellular transposable elements (11) (12) (13) . However, little is known about the nucleotide sequence specificities in the cellular DNA sequences repeated at the virus-cell junctions or surrounding the integration sites.
Spleen necrosis virus (SNV) is an avian reticuloendotheliosis virus with class-specific relationships to mammalian type C retroviruses (14) . Structural analysis of cloned SNV proviral DNA showed that the provirus resembles a transposable element that has a 5-base-pair (5-bp) direct repeat of cellular DNA at the virus-cell DNA junctions, inverted repeats of 3 bases at the viral ends, and a long terminal direct repeat (569 bp) at the ends of the provirus (11). We wanted to determine if there is any specificity in the 5-bp repeated cellular DNA sequences and in the cellular DNA surrounding the integration sites. We, therefore, determined the sequences of the virus-cell junctions of seven cloned SNV proviruses (six of which are infectious) as well as the cellular DNA up to 170 nucleotides from the integration sites. The results presented in this paper indicate that
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. 7357 no apparent nucleotide sequence specificity exists in chicken cell DNA for integration of the SNV provirus. However, an absolute specificity for integration at the ends of the viral DNA exists. These results strengthen the similarity of retrovirus proviruses and cellular transposable element (29 Isolation of DNA Fragments. DNA fragments were separated by electrophoresis in 0.7-1.5% agarose gels and isolated by a modification of the method of Tabak and Flavell (17) .
DNA Sequence Analysis. DNA sequences were determined by the method of Maxam and Gilbert (18) . The details of the sequencing strategies were as follows (see Fig. 1 ).
Clone 60. DNA of the 5' end of subclone 60 was digested with Sac I and labeled at the 5' ends with 32p. The shortest fragment was isolated. The DNA fragment was denatured by heat in the presence of 50% (wt/vol) formamide, and the two strands were separated by electrophoresis in a 6% (wt/vol) acrylamide gel. The fragment moving faster was isolated and sequenced. DNA Fig. 2 (19) . Features found in each sequence are shown in Fig. 3 and summarized in Table 1 .
The A+T content ranges from 49% to 66% in these cellular DNAs. [The average A+T content of these cellular DNAs, 58%, is the same as that of total chicken DNA (20) .] The integration sites are present in A+T-or G+C-rich regions in some clones. These results indicate that the A+T-richness of the cellular DNAs near the integration site does not affect the integration of SNV DNA as it does in the case of TnS or Tn9 (4, 21) .
Repeats and symmetrical and dyad symmetrical regions are present in some cellular DNAs. One to four repeated sequences are present in clones 14- Fig. 3 were compared to 100 nucleotides at each end of the long terminal repeat (LTR) of SNV to see if there are some homologous sequences like those considered to be important in the integration of Tn3, Tn9, and TnlO (4, 21, 22) . Some oligonucleotides, 9-11 bases in size, in the cellular DNAs are homologous to different regions in the ends of the LTR with 0-2 bp mismatch. The homologous sequences from the LTR are written underneath the cellular DNA sequences in Fig. 3 . For example, in cellular DNA of clone 14-44, the cellular sequence from nucleotide 68-75, G-T-A-C-T-A-T-G, is homologous to nucleotides 58-66 in the SNV LTR, although one base in the LTR is not matched. When the LTR is aligned along the cellular DNAs by pairing these homologous sequences, there are 6-27 bases between the end of the LTR and the cell-virus junction. For clone 44, 11 nucleotides match completely the sequence near the end of the LTR. However, if the sequences are aligned at this homology, the end of the viral LTR is then located in the opposite direction to the integration site from the homologous sequence at nucleotide -28. The lack of a consistent position and the fact that sequences homologous to the end of the LTR are also found in randomized or 32 cellular DNAs (data not shown) indicate that these homologous sequences are unlikely to be important in the integration of SNV DNA.
Conclusions. We have sequenced cell-virus junctions from six provirus clones. [ We had previously sequenced the junctions of one clone (11) .] A common pattern of a 5-bp repeat of cell DNA, different in every case, next to a 3-bp inverted repeat of viral DNA, the same in every case, was found (Fig. 2) . The pattern is similar to that of the cellular transposable elements Tn3, 'y6, TY1, and copia (4, (23) (24) (25) (26) (27) (28) (29) .
We looked for common features in the cellular DNA in the 5-bp repeat and surrounding cellular DNA. Except for a slight A+T-richness in the 5-bp repeats, we found no apparent nucleotide sequence pattern for the cellular integration sites of the SNV DNA and no apparent homology of the cellular DNA surrounding the integration sites to each other or to the ends of SNV DNA.
Thus, a specific region of viral DNA appears to integrate in any cellular DNA sequence. However, considering the complexity of the initial stages of infection of cells by SNV (5, 6) , other factors determining integration specificity, such as chromosomal location or activity, might be present. 
